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ADULTCHLOROPIDAE(DIPTERA)
ASSOCIATEDWITH CONSTRUCTEDTREATMENT

WETLANDSMODIFIED BY
THREEVEGETATIONMANAGEMENTTECHNIQUES'

J. B. Keiper, M. Stanczak ;

, and W. E. Walton'

ABSTRACT: Eight genera of Chloropidae were collected from experimental wetland research cells

manipulated by different vegetation control strategies in southern California, U.S.A. After flooding,

chloropids were collected with detergent pan traps for 14 months. Eribolus californicus. a secondary

invader of emergent wetland plants, was the only abundant species. Results indicate that density of

adult Chloropidae was not affected differently by the wetland plant management techniques used.

However, the techniques slowed the growth of emergent macrophytes (particularly bulrush,

Schoenoplectus spp.) that are the sites of larval development. Therefore, first year data show low

numbers of chloropids, with a two- to three-fold increase by year two.
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Chloropid flies (Diptera: Chloropidae) represent a large family with about

1300 species worldwide (Rogers et al. 1991). Many species of chloropids are

considered to be either primary or secondary invaders of plants, especially grass-

es, sedges, and rushes (Valley et al. 1969, Todd and Foote 1987, Keiper et al.

2002, Beaulieu and Wheeler 2002). Other species appear to exhibit more scav-

enging habits (Ferrar 1987, Keiper et al. 2002), and yet others are pest species

that may be vectors of ocular diseases (Liohippelates, Siphunculina spp.) or

cause damage to crops (Ferrar 1987). Most species are not anthropophilic.

Wetland environments provide habitat and food for many chloropid species,

and their abundance appears to be tied directly to the wetland plant diversity

(Valley and Foote 1997). Large numbers of chloropid individuals and numerous

species are frequently found in marsh areas (Todd and Foote 1987). However,

due to damage caused by human activities, many wetland habitats are threatened,

and the restoration or replacement of wetland areas is common practice today

(Hammer 1997). Both comparatively old and newly constructed wetland areas

are frequently subjected to vegetation management to prevent aquatic plants

from eliminating open water areas. Excessive growth of vegetation in construct-

ed wetlands can lead to decreased efficiency in treating wastewater (Marble

1992, Thullen et al. 2002), and provide less suitable habitat for waterfowl and

other wildlife than a hemi-marsh (i.e. a marsh with approximately 50 percent

vegetation cover and 50 percent open water) (Batzer et al. 1999). A recent paper

showed that vegetation management reduced adult shore fly (Diptera:

Ephydridae) densities, but populations required less than one year to produce
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equally dense communities during experimental vegetation management in

southern California (Keiper and Walton 2002). This study describes the colo-

nization of chloropid flies associated with experimental constructed treatment

wetlands subjected to three different vegetation management strategies. It also

tests the null hypothesis that densities of abundant species are not significantly

affected by these methods of wetland management in southern California, U.S.A.

MATERIALSANDMETHODS
The study was conducted at the Hemet/San Jacinto Regional Water Recla-

mation Facility in western Riverside County, CA (USA) (Keiper and Walton

2002). Eight 0.1 ha research cells (69 x 14m) were used and divided into three

categories after all cells were burned and dried to leave only underground rhi-

zomes. Three cells were randomly assigned as control cells (C). Three remaining

cells were randomly selected and scoured with a rock bucket attached to a back-

hoe (S). The remaining two cells had hummocks (earthen mounds) installed in

the shallow areas after the cells were scoured (H). Hummocks were designed to

provide shallow areas to focus emergent vegetation, primarily California bulrush

(Schoenoplectus californicus [Meyer] Sojak), while keeping areas between hum-

mocks free of vegetative growth. Each cell received secondary-treated waste-

water containing excess nitrogen (~9.9 mg L-'NH" 4 -N, and <1 mg L- 1 NO-r N)

from the treatment plant. Other workers studying the research cell complex con-

currently found that H cells reduced ammonium levels by 66 percent and 28 per-

cent during 1998 and 1999, respectively. Vegetative cover was reduced by ap-

proximately 40 percent in the H cells (Thullen et al. 2002).

Flooding of the cells began July 13, 1998, and was completed after 7 days. On
the second day of this flooding, detergent pan traps (23 x 33 cm) were set out

along the western edge of each of the cells; one on either end, and one in the mid-

dle, to represent a variety of open water, plant, and mud shore microhabitats. Pans

were set out every week for the first 12 weeks of inundation, every 2 to 3 weeks

in the summer of 1999, and less frequently during early spring and winter. Trap-

ping was concluded on September 10, 1999. Each pan was filled with approx-

imately 5 cm of water, to which a few drops of liquid dishwashing detergent were

added; insects alighting on the surface fell through the surface and drowned

(Larson and Foote 1997, Keiper and Walton 2002). Pans and their contents were

collected after 24 hours and preserved for later analysis. Keiper and Walton

(2002) provide a more detailed description of the study site and the methods used.

Representative specimens were dehydrated and pinned, and are deposited in the

Entomology Research Museum of the University of California - Riverside, or

the Department of Invertebrate Zoology, Cleveland Museumof Natural History.

Species were categorized as abundant (>20 percent of all specimens captured),

common(>10 but <20 percent), uncommon (>1 but <10 percent), or rare (<1 per-

cent). Statistical analyses were applied only to species that were abundant. Non-

parametric (Friedman's repeated measures ANOVA) or parametric (one-way



Vol. 114. No. 4. September & October 2003 20"

repeated measures ANOVA) statistics were performed where appropriate to test

the hypothesis that the numbers of adults captured differed significantly between

the wetland treatments (SigmaStat 1997). Due to the time of initial inundation

and dates sampled during each year, the two years were treated separately.

RESULTS
A total of 452 chloropids from eight genera were collected. Eribolus calif or-

nicus was the only abundant species and was first encountered 10 days after

flooding began. Pseudopachychaeta approximatonervis (Zetterstedt) was com-

mon but was not captured until approximately 4 months after flooding of the

cells. Elachiptera nigriceps Loew Sabrosky arrived quickly (24 days after flood-

ing), but was uncommon. The remaining five genera each accounted for <1 pre-

cent of the total number of chloropid flies collected (Table 1 ).

Eribolus californicus was infrequently collected during the first summer and

fall of the study, with mean densities never exceeding two individuals per pan

trap in all treatments. However, by early spring of 1999, densities increased two-

to threefold and peaked in June at approximately six individuals per trap. Num-

bers declined during summer (Fig. 1). However, the abundance of adult E. cali-

fornicus during 1998 (y}
= 0.273, d.f =

2, p
=

0.88) and 1999 (F 27
==

1.03, p
=

0.38) did not differ significantly among the three treatment types.

DISCUSSION
Previous work on shore flies showed that populations of some common taxa

were inhibited by the scoured and hummock treatments during the first summer

of inundation. However, all treatments produced statistically equal numbers of

individuals by the second year (Keiper and Walton 2002). Eribolus californicus

was the only abundant chloropid species, and adult density was statistically equal

in all treatments. The addition of hummocks to cells reduced the vegetation cov-

erage by 40 percent, and was the most successful management technique in terms

of reducing lateral growth of bulrush (Thullen et al. 2002). Although we con-

ducted no rearing, California bulrush grew in a virtual monoculture in the cells

and is probably the larval food source for E. californicus. Other Eribolus species

exhibit secondary herbivory in the larval stage (Valley and Foote 1997). The rel-

ative scarcity of E. californicus during 1998 was probably due to a lack of sub-

stantive stands of bulrush in the cells, although a modest peak in numbers

occurred in November as bulrush stands were maturing. Peaks in 1999 occurred

in April and June. Sampling did not continue until November 1999, thus we can

not conclude with certainty that November is a period when a late generation of

E. californicus occurs. From these data, we suggest that in southwestern habitats,

E. californicus is at least bivoltine with generations in April and June, and is pos-

sibly trivoltine with a peak in November. Eribolus species are most commonly
found in May and early June in more temperate areas but can be found from mid-

April to late October (Valley and Foote 1997).
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Table 1. Chloropidae taken in pan traps at the Hemet/San Jacinto RWRFResearch Cell Complex,

1998-1999; taxa arranged phylogenetically. Abundance in parentheses: A = abundant (>20%), C =

common (>10 but <20%), U = uncommon (>1 but <10%), R = rare (<1%).

Taxa Trophic level

Pseudopachychaeta

approximatonervis Herbivore
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due to the time it takes for S. californicus to flower and eventually develop seed

heads. Elachiptera nigriceps (Loew) is a secondary invader that normally feeds

on shoots of Carex and partially opened flowers of Iris; the primary invaders of

these plants are larvae of Lepidoptera. Elachiptera nigriceps is also known to

scavenge decaying skunk cabbage (Ferrar 1987) and may opportunistically scav-

enge decaying plant matter in the areas where skunk cabbage occurs.

The remaining five genera were rare. Flies of the genus Apotropina are scav-

engers as larvae, and are found in the nests of birds or wasps (Ferrar 1987); tri-

color blackbirds and marsh wrens, among other avian taxa, nested in the research

cells (JBK, personal observation). Some larvae of Gaurax can be found feeding

on the decaying plant material in bird nests, while others are found in bracket

fungi associated with Coleoptera larvae. It has been suggested that Gaurax lar-

vae also feed on beetle frass (Valley et al. 1969), while some species are known

to be predators of spider egg cocoons (Ferrar 1987). The genus Liohippelates

was a rare genus in this study, and contains flies known as eye gnats, which may
be vectors of ocular disorders and yaws skin ulcers on face, feet, and hands

(Rogers et al. 1991). Some have been found on the yellow water lily (Todd and

Foote 1987), but no evidence suggests that they are associated with bulrush. Rho-

palopterum is a genus of secondary invaders that inhabit stems of wetland mono-

cots (Keiper et al. 2002). Some plants attacked by this genus are grasses, sedges,

and cattails (Todd and Foote 1987). No information on the biology or feeding

habits of the genus Biorbitella is known.

In conclusion, the chloropid community in these wetland cells is relatively

rich with eight species, with certain species (Eribolis californicus, Pseudopachy-

chaeta approximatoner\'is, and Elachiptera nigriceps) occurring frequently. Veg-

etation management practices did not appear to inhibit species richness within

the research cells. However, when compared to what little work has been done in

natural wetlands, the constructed wetlands harbored far fewer species of Chloro-

pidae (e.g. Todd and Foote 1987). Perhaps if more than one plant species was

seeded, the research cells would support a more species-rich community of

chloropid flies. The adult flies may be an important food source for birds and

amphibians, and the larvae could represent significant herbivores or scavengers,

therefore contributing substantially to energy flow and nutrient cycling within

constructed wetland ecosystems.
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